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Abstract

Background Parents of children with a health condition experience high levels of distress which can have long-term
impact on the child and parent. Dyadic interventions have the potential to decrease this distress, however several
barriers to access including time constraints have been reported. Mobile health (mHealth) interventions can address
several of these barriers.

Goal The goal of this systematic review was to review and synthesize the literature examining the effects of parent-
oriented mHealth interventions and their content and design.

Methods We searched PubMed/MEDLINE, Embase, PsycINFO, CINAHL and Cochrane Central databases from January
2013 to 2023 using a search strategy based on telemedicine and parents/caregivers. Included studies were rand-
omized controlled trials assessing the effect of parent-oriented mHealth interventions on child and parent health.
The Cochrane risk-of-bias tool was used to assess for bias in studies. Trial details and design and content features

of interventions were extracted. Outcomes were organized using the Van Houtven's Framework for Informal Caregiver
Interventions. Results are presented narratively.

Results Fifty papers pertaining to 49 unique studies met our inclusion criteria. More than half of the studies scored
high-risk for bias. Interventions targeted a wide range of pediatric conditions. Intervention type included texting (n=
17) and investigator-developed mobile applications (n = 16). Interventions significantly improved parent psychologi-
cal health and child health outcomes. Key intervention features and design included the use/application of codesign
and a theory-driven intervention.

Conclusion Parent-oriented mHealth interventions identified in this review significantly improved both parent

and child health outcomes. Therefore, these interventions have the potential to support parents outside of a clinical
setting.
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Background

Parents of children with physical or mental health condi-
tions or disabilities are often expected to take on several
roles while caring for their child. These complex roles
include being a proxy medical-decision maker, advocate,
care coordinator, and provider of direct patient care,
responsible for medication administration and assistance
with activities of daily living [1, 2]. Parents of children
with serious or chronic illnesses, such as cystic fibrosis,
diabetes, and cancer, experience significantly higher lev-
els of parenting stress compared to parents of healthy
children [3]. Studies show that up to 40% of parents of
children with chronic conditions report clinically sig-
nificant stress, with 38% experiencing moderate to severe
anxiety and 26% facing moderate to severe depression
[4]. This ongoing stress can severely affect parents'overall
quality of life, with up to 45% of parents at risk for a
decline in health-related quality of life [5].

A parent’s psychological health has been shown to
impact their child’s physical and psychological well-
being, including levels of anxiety [1, 6, 7]. Further, stud-
ies have found a significant positive association between
children’s psychological health and overall family rela-
tionships including family cohesion and conflict [8]. This
connection between parent and child health underscores
why family-centered care models have become integral to
pediatric medicine [9]. Parents have reported that having
access to resources such as emotional support and infor-
mation related to clinical knowledge and skills is essential
for enhancing their caregiving ability [10-13]. Despite
this known connection, parents of ill children have
reported barriers to accessing supportive interventions.
These barriers stem from a variety of issues including a
lack of evidence-based interventions [14—16], limited
staff knowledge regarding the delivery of psychosocial
interventions [17, 18], and the inability to attend in-per-
son support sessions due to child treatment and other
family demands [19].

Mobile health interventions (mHealth), including digi-
tal applications, texting with clinicians and automated
text-based prompts, have the potential to address sev-
eral known barriers to parent-oriented interventions
[20]. This terminology can be traced back to the pioneer-
ing work of Istepanian et al. in 2003, [21-23] who first
defined it as emerging mobile computing, medical sen-
sor and communication technologies for healthcare. The
field expanded in 2007 with the introduction of the first
generation of smartphones [21-23]. In 2011, the World
Health Organization (WHO) stated that mHealth has the
potential to transform health service delivery globally.
The development and growth of these interventions were
further accelerated during the COVID- 19 pandemic, due
to the need for social distancing and lockdowns [21-23].
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Together, interest in these interventions has increased,
in part due to their ability to provide enhanced access to
personalized support, allowing users to receive assistance
in real time and in various non-clinical environments in
response to changes in health status or behaviors [20, 24].

The development and design of mHealth interven-
tions is a complex process, and the lack of involvement
of intervention users (or end-users) such as patients and
families can limit intervention effectiveness, integration
into practice and sustainability [25-27]. Co-design of
mHealth interventions, in which a diverse range of part-
ners participate in the design and development process
[25], is one method to address this issue [28]. However,
little is known about the extent to which co-design has
been used to guide the development of parent mHealth
intervention and its impact.

To date, several reviews have explored the effective-
ness and design of mHealth interventions in adults with
various health conditions, including dementia and frailty,
as well as their family caregivers [29-31]. In pediatrics,
one review and meta-analysis focused on pediatric-ori-
ented mHealth interventions found that parent involve-
ment in mHealth interventions led to effect sizes larger
than those without parental inovlvement [19]. Other
reviews in pediatrics have concentrated on specific acute
or chronic conditions [32, 33], have not provided impor-
tant information regarding design and development [34],
shown heterogenous effectiveness results [35] or are not
recent [36]. Given the lessons that can be learned across
different conditions and the continued exponential
growth of mHealth, an updated review addressing each
of these gaps is necessary.

Our overarching goal was to synthesize the literature
examining the effects of parent-oriented mHealth inter-
ventions; as well as the content and design of such inter-
ventions. Our specific objectives were to describe: (1)
the impact of parent-oriented mHealth interventions on
parent health outcomes compared to a control group; (2)
the impact of parent-oriented mHealth interventions on
child health outcomes compared to a control group; (3)
the design, content, and functionality of the identified
parent-oriented mHealth interventions; and (4) evaluate
the quality of these studies.

Materials and methods

Study design, literature search and study selection

A systematic review was conducted. Our reporting is in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) (Appen-
dix A) [37]. The review is registered on PROSPERO (ID#
CRD42023404861). We searched PubMed/MEDLINE,
Embase, PsycINFO, Cumulative Index to Nursing and
Allied Health Literature, and Cochrane Central databases
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on January 26, 2023, with the assistance of a research
librarian. Our search was limited to studies published
from 2013 onward. The search strategy, developed using
synonyms for telemedicine and parents, is presented in
Appendix B.

Using the Population, Intervention, Comparison Out-
comes and Study (PICOS) [38] design as a guide, our
inclusion criteria were as follows:

Population: Parents included any family members
providing a significant amount of childcare to sup-
port a childs health and well-being. Children of
these parents had to have a chronic or acute physi-
cal or mental health condition, or neurodevelopmen-
tal, intellectual or developmental disability. Chronic
conditions were defined as lasting more than three
months or occurred three times or more within one
year, requiring ongoing medical attention or limiting
activities of daily living [39]. Acute conditions were
those with sudden onset, involving a short course
of treatment (less than three months), and where a
return to baseline was likely (e.g. acute bronchitis)
[40].

Intervention: Studies were included if they assessed
the efficacy of parent-oriented mHealth interventions
aimed at improving child or parental physical, psy-
chological or developmental health. These interven-
tions had to have been accessible through a mobile
electronic device, including smartphones or tablets
with interactive cellular communication capability
[19, 29, 30]. Parents had to be among the users of the
intervention to qualify for inclusion.

Comparison: Control groups included usual care, no
treatment, waitlist, or an active intervention.
Outcomes: Parent outcomes included any observer
or self-reported measure related to their ability to
care for their child and their own psychological or
physical health. Child health outcomes included any
observer or self-reported measures related to the
physical, psychosocial, or developmental health of
the child.

Study design: To be included studies had to be a ran-
domized controlled trial of any size. We excluded
dissertations, abstracts, and studies not published in
English.

Perfect agreement on the application of eligibility cri-
teria was achieved through two pilot tests involving 200
randomly selected abstracts, assessed by two independ-
ent coders (A.K. and LZ.). After removing duplicates,
all titles and abstracts, as well as full text articles, were
screened in Covidence by two independent reviewers
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(AK. and L.Z.). Any discrepancies were resolved by a
third reviewer (P.P.).

Data extraction procedures

A code book was developed by two authors (A.K. and
LZ.) to guide the extraction of information regarding
the study, child, parent, and intervention. The informa-
tion extracted about the intervention was adapted from
the Template for Intervention Description and Repli-
cation checklist [41]. Data from a random sample of
10% of identified studies were extracted in duplicate by
both authors (A.K. and 1.Z.), achieving 100% agreement.
Data from the remaining studies were extracted by one
author (A.K.) and checked for accuracy by a secondary
author (I.Z.) Any identified disagreements were resolved
through discussion until full agreement was reached.

Risk of bias

Using the Cochrane Risk-Of-Bias tool for randomized
trials (ROB2) two reviewers (A.K. and E.M.) rated a ran-
dom sample of 20% of studies in duplicate, achieving 80%
agreement across all ROB2 domains [42]. The remain-
ing studies were assessed individually, and any questions
related to bias assessment were discussed as a group.
Images for ROB2 were created using the Risk-of-bias
VISualization tool [43].

Outcomes and data synthesis

A narrative synthesis, tabulation, and descriptive analysis
of the items extracted from the studies were conducted.
To synthesize the cumulative impact of parent-oriented
mHealth interventions, parent and child health outcomes
were included in the narrative synthesis only if they were
reported in two or more studies, with data on the remain-
ing outcomes presented in tabular form.

The significant impact of the intervention on outcomes
was determined based on a reported statistical difference
of p< 0.05 between groups-over time, between groups, or
a within a group from pre- to post-test. Data related to
intervention content (type of intervention, frequency of
use) and design features (co-design processes and theo-
retical frameworks utilized) were extracted and included
in the narrative synthesis.

Interventions and parent and child health outcomes
were organized using the framework developed by Van
Houtven and colleagues (2011) for informal caregiver
interventions [12]. This framework, designed for primary
caregivers of adult patients, highlights that most car-
egiver-oriented interventions aim to improve or address
four major categories pertaining to caregiving: (1) clinical
knowledge, (2) psychological skills, (3) support seeking,
and (4) quantity of caregiving (i.e. number of caregiving
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hours per week) [12]. Interventions were categorized
according to this framework. Further, as outlined by the
framework, parent and child health outcomes were clas-
sified as: (1) psychological health, (2) physical health,
(3) healthcare utilization, and (4) economic status (i.e.,
changes in costs of health care services) [12].

Psychological health is defined as a dynamic state of
internal equilibrium that enables individuals to use their
abilities in harmony with the universal values of society,
encompassing basic cognitive and social skills, as well as
the ability to cope and function in social roles [44]. Par-
ent psychological outcomes were further categorized as
non-social, social and caregiving related, while child psy-
chological outcomes were delineated into self-manage-
ment related and non-social outcomes [12].
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Results

Our search identified 10,035 titles and abstracts. After
excluding 2850 duplicates, 7185 titles and abstracts were
screened, and 108 full articles assessed for eligibility.
Following screening, 50 articles pertaining to 49 unique
studies were included (PRISMA diagram in Fig. 1).

Characteristics and participant traits

Table 1 summarizes the characteristics of the studies
included in this research. The studies were published
between 2014 and 2023, across 13 different countries,
with the highest number published in 2017 (10 studies,
20%), 2018 (10 studies, 20%), and 2022 (8 studies, 16%)
(see Fig. 2). The majority of the studies originated from
the United States (26 studies, 53%) and China (8 studies,
16%).

_5 Records removed before
® Records identified from*: screening:
5.‘:3 Databases (n=10035) ——> Duplicate records removed
kS Registers (n=0) (n=2850)
s
Records screened » | Records excluded*™
(n=7185) (n=7077)
Reports sought for retrieval Reports not retrieved
@ (n=108) (n=3)
; I
(77}
Reports assessed for eligibility . | Reports excluded:
(n=105) » Wrong intervention (n=30)
Conference abstracts (n=14)
Wrong study design (n=6)
Wrong population (n=3)
Dissertation (n=1)
Wrong outcomes (n=1)

Studies included in review
(n=49)

Reports of included studies
(n=50)

Fig. 1 PRISMA flowchart of studies. This flowchart shows the number of records identified from the search (10,035), the number of records
excluded based on title and abstract (7077), and the number of studies excluded based on the full article review (55), and the reason for exclusions.

Fifty research articles (49 studies) were included in this analysis



Page 5 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(%) L9L/6€
=U:uoledNPa
Alenua|
(%/¥)191/9,
=Uu:|ooyds Ale
-puodas Jaddn
(%¥2) L9L/6€
=Uu:|ooyds Ale
-pU0D3S JOMOT

(l1g=u

%EP) 19L/L (%t 14) (co) 8Ty vzl joauod’lg=u
=Uu:MoJeq Jo L9L/SLL (%TTy) 191/89 1(@s) siedh ul {(@s) sieah ul uonusAIUj) [8¥] 0T
|ooyDs Arewlld papiroid 10N papiroid 10N =U:9]ewa =U :9eula abe ueapy abe ueapy SpeAp 191 eulyd 190oUe) “le 13 bunayd
S/=U
dnoub [o1uod
'9/=uuon
-USAIRIU| PIIYD
‘0 =U]01U0D
‘6 = U UONUIA
BENVESUETR
90921 (syuased 6 [zv1810C
(%+5) 1S1/18 (@s) sieak up - ‘aidoad bunok “|e 19 UspRJUIP
papiroid 10N papiroid 10N papiroid 10N papiaoid 10N =udewa{  poaplroid 10N obe uea|y 1S1) [P103 00T sylewusg s91eqelq | 9dAl  -195-9@5ua1seD)
(%S'LL) ¥v/LS
=U PaXIN JO
URISY (%/6)
Yir/Etr =u ued
-LaWy uedLyy
%) ¥iv/561 (9€°8€) v¥i/0L L
=Uu ujooyss = U DjuedsiH (%C€) viy/TyL=u (s1eak (rlg=u
ybry o1 fenbs (%50v) vi7/081 S9lewoS €YL-€'S YOI '|oauod ‘0gC =u ell=Na
10 Ueyy sso uop =URBUYM (%89) ¥i777/20€ 1'g s1eak ul UOIIUAIIUY) onsejgoyduwiAl [9v] 00T
-eDNpPa [euIdley papiroid 10N ojuedsiH-uopN papiroid 10N =u:ssjely  papiroid 10N abe ueipapy uaIp|IYd 4 $31PIS patuN 21Ny “|e 19 eneyg
(©061)
9l/¢ =u:ounet
Gty OL/L=U /A1uedsiH (%61)
12yb1y o sa1b63p 91/€ =U paxIN
91e1D0SSe ‘(9696) /uedlsuly (%8€) 91/9 (7€) S2 0L (8 =u|onuod
91/6 =U 1aMO| 10 uedlY (%/8) =U 3B (%€£9) {(@s) sieah Ui '8 =U UoNUSA [svl8l0C
|ooyds ybiH papIn0Id 10N 9L/EL =U :DUYM papinoid 0N  91/01 =U:derwa4  papiroid 10N abe uealy  -1a1u)) speAp 9| S91B1G PaUUN  sa1aqelq | 9dAL “|e 13 Ja1uIag
uone>npj adey/AdIuyly ey 19pusn 19pusn ?zIs sisoubeiq
Judied yuased /Awd1uyia ppyd /X3S Judied /X3S PI'YDd aby juaied aby piiyd>  adwes jejo uonedxoT PI'YD Jea) Joyiny

fpiuyrz/eoey yuedpiaed

19puan/xas yuedpiyied

saby Juedpiyed

sojydesbowap uedpiiied pue Apnis L ajqelL



Page 6 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(%0°€)

ce/l

=UU3YO (%1'6)
MM\M =u ”_m_u@
-1NW IO paXxIiN
(%l6)cc/c=U
‘ouneT (%9€9)
MM\—N =y :ued
-lloWy Ueduy

eIg (%CSL) (Lee) € Oryglel (9L =ujonuod
€€/G =U=Uym (%5°'Sh) 1(@s) sieah {(@S) stesk Ul ‘£1 =u uonusA [¢s] Lzoc
papiroid 10N papiroid 10N /ueisedned) papiroid 10N €€/5| =U :9PWa- obe ueapy obe ueayy  -I21u|) speAp €€ $91E1G PaUUN eWIYISY “|e 12 3|opa-
(€6'1)
(968) s1esk 96'6¢ (05°1) £96 (€L =u|0nuoD
87/SC =u:ued (%68) 87/ST =U (%89)  :(Qs) siedk ul (@s) siedh Ul ‘L =u uopudA [1sl 210z
PapPIACIA JON  -RWY UeDLY papiroid 10N CI=WEN 87/61 =U R\ obe uea|y obe ueayy  -I21u)) speAp 8¢ $91e1S PalUN PWYISY "B 12 Leylan]
(%EQ 6lT/S=U
:paniodail Jou Jo
umoudun (%6°0)
6l¢/C=u1=yl0
(%L€1) 612/0€ ©L°€)
=u:umouwyun 1o 617/8 =U PaXIN (1°0) g'8¢Ton
panodas 10N ©ot'1) -UoD (L'0) 6'8¢
(9¢7€€) 61¢/¢ =u uelsy (%L70) (90) 0€ o1 HUCIVEAVEI]]
617/, =u3b9| (%8Cl)617/8C 6lc/9=U (%2°55) -U0D (G'0) 0 :(AS) Speem Ul (oLL=u
-|0d UeY1 5597 =u3pe|g D_W (%E/6) 617/7TL =U W TUONUSAISIU| yuiqie abe joluod) ‘60l =u
(%8%5) 617/0C1 (%64)61T/€LL 6le/cle (%EVY) 61T/L6 {(@s) sieak ul |euoneisab UOIIUAISIUY) 95easi(J 1esH [0s] 0zoT
=u:ab3jj0D) papiroid 10N =UDUYM =Uu3jewa =U:9euwa4 obe uea|y ueapy SpeAp 617 $91E1S PaUUN [enusbuo) “|e 12 J2doo)
(%C0) LTe/8y
=U2Jo0W JO 363
-10D (%9€) Lce/6L %cl)
=u:buiuren | 12/9Z Y30
[PUOIIEDOA/|ED (%£7) 122/09
-luyd33 Jo ab63)j0d =UPDUYM
2WOS (9%87) oufe]-uoN
L¢¢/T9 =u1usw (%9) LT/7l
-dojansp |euony  =u:jeDeIRN
-eonpa [eRUab U0 (%61) LT/
|ooyas YbIH =U3de[q (OLL=u:jon
(%S1) Lee/ee OuneT-uoN (L0gs  -uod'lLL=u
=Uu:|ooyds (%ce) LTe/LL (%88) LT/ v6l (%£0) LTT/18 {(@s) sieak Ul UOIIUSAISIUY) [6v] €20C
yb1y uey ssa =u:oupneq papiaoid 10N =U:9]ewa =Uu:dewa{  paplrcid 10N obe ueapy spekp |7z $91R1S PaUUN eWIYISY NEEREPENeh)
uonednpj adey/AdIuyly ey 19pusn J9pusan ?zIs sisoubeiq
luaied uased /Awd1uyia piyd /X3S Judied /X3S PI'Yd aby juaied aby pjiy>  djdwes jejor uoneso’ PI'YD Jeap oyiny

Ad1uyig/eoey uedniliedq

19puan/xas yueddnied

saby Juedpiyed

(panunuod) L ajqey



Page 7 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(%) 08/9

=Uu U0 ueyl
2J0W IO IsY10
(%61) 08/5L

=u Djuedsiy
(%€1)
08/01 =U>eq
djuedsiH-UoN (%L¥)
(%19) 08/ce =U eI\ (S1) €5l (Sg=ujonuo)
08/6% =u 2Uym (9%08) 8£/%9 (%69) (@s) siedh Ul 'SG =u uopusA [85] 0C0C
papiroid 10N papiroid 10N S1ueds|H-UoN =UdeWd{ (8//t=u:dewa{  papirocidIoN obe sbeiony  -is1u]) SpeAp 08 $91PIS pauUN  S918qeld | 9dAL “1e 12 pael||iH
(%25)
29/¢€ =u32ibap (599)
sJojayoeq s1eak ¢i'y¢ on (L0¥1)
(%C€) 79/0C =u -uos(Qs9cs)  €£'85701IUGD
‘Jooyps ybiy s1eak 06'7¢ (89°¢l)8L€9
(%91) TUORUIAIU] TONUSAISIU]  (0€ =U |013U0D
29/01 =U Toouds (9%001) 29/29 (@S) sieak Ul :(@S) SYUowW Ul ‘7€ =U UOIUSA 19pIOSIQ Wini} [/5] 2102
ybiy uey ssa7 papiroid 10N papiroid 10N =U 9jewa papiroid 10N obe uea|y obe abesany  -191u|) SpeAp 79 elgely Ipnes ->adg wispny “|e 12 IpWaH
(%CS) £6/S
=Uu:0uje7 o
dluedsiH (91°€) 07
/6/€ =U 9Dkl /'y Goeoidde (L6/1€
U0 UBY) IO pauIquIo) (S°1) =u yoeoidde
(%5°¢8) £6/08 L1 ORUo) paulquiod
=U=PUYM (%19) (1) Syl 'te/€€=ulon
(%C'8) £6/8 16/6 =U 9PN =UONUSAISIU]  -U0D '/6/€€ =U
=upeg (%l) (%61) (@s) sieak Ul uonuRAIRIUI) [oslgloc
papiroid 10N paplnoId 10N /6/L =U UelSy paplnoId 0N /6/8F =UBewa4  paplroid 10N obe abeiony  s1UL3S3jOpPR /6 S91R1G PaUUN  sa1aqel | 9dA| “|e 19 uouueH
(%) (ce =ujonuod [ss19l0C
$9//7 =U :22169p (%001) ¥9/¥9 (9%08) o€ :SIeak Ul g:sIP2A Ul ‘7€ =U UONUSA 19pIOSI Wini} “|e 13 uebien
s, Jojayoeg papiaoid JoN papiaoid 10N =U 9w $9/1G =U 9.\ abe ueapy abe ueayy -1 SPeAP $9 uel| ->ads wisny  -lueseyjogelfeH
(%5¢) 8¢/L=u (9%09) 87/¥L
:21enpeib 1o 963) =Uu:oune (%9t) [rS ‘€5l 80T
-[02 3WOS (%/5) 8¢/€l =U_Yl0 @0 el (0L =ujonuo) “|e 19 auopjews
8¢/91 =Uss9| 10 (909) 8¢/71 (9608) (%68) 87/5C (%cP) (@s) siedk Ul ‘gl =u uonRUBA ‘£10C"e 19
jooyds ybiH =U:0ule] 87/pL =UPe|g =U:deWd{ 87/7L =U:dewa{  papircid 10N obe ueay  -131U)) SpeAp 87 $91R1S PaUUN 119D 321 ua3In
uonednpj adey/AdIuyly ey 19pusn J9pusan azIs sisoubeiq
juaied waied /Ad1uYyIa pliyd /X3S Juaied /X3S PIIYD aby juaied 9by piiy>  9jdwes jejo uonesoT PIIYD Jes) loyiny

Ad1uyig/eoey uedniliedq

19puan/xas yueddnied

saby Juedpiyed

(panunuod) L ajqey



Page 8 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

GoC 1) €€/r =U

plosieak g|
(%Cl) e/ =u
‘plo sleak 7|
eL0)  (wvo) ce/8=U
(%9) €€/¢=U €e/6=U ‘plosieak €]
:oune Jo oued sIeRhk -Gy (Slg) €€/ =u
-SIH (%€) €€/1 (%909) €£/0C ‘plosieah |
=U :uedlIBWY =usiesk  (%7l) €E/p=U (01 =udnoib
uedLyy J03oe|g %6€) €€/5L =S (%1°TL) ‘plosieak L jonuod ‘ez =u
(%16) =U 3B (%19) g€e/r=u (%8l)cc/O=U UOUSAJRIUY) [L9] zzoe
papiaoid 10N papiroid 10N €€/0€ =U :DUYM papinoId 10N €6/07 = U 9|ewa4 sieak $€-G7 plosieak 0| saljlue) ¢ S91L1S PaNUN  sa19qelq | 9dAL “|e 19 Z3|0H
(%¥°€) S6C/01
=u:epelynuw
/13410 (%£°1)
S6¢/S =U @UYm (%9°21)
ouneT-uoN S6¢/6CC=U
(%0°€1) S67/3€ s1eak /1€ 1
=Unpde(q (%8'St) bV (%t'C2) Iyl =u
oulle-uoN S6¢/SEL =U G6¢/99 [0lU0D 'vGL =U
(%6'18) S67/6€C 9ewaS (% ¥S) =usieak UOIUSAISIUY) suonipuod [09] Z10¢
papiaoid 10N papiaoid JoN =u:oupne’ paplnoid 0N G67/091 =URjey  papiroid 10N Z1-11 by spedp s6z S911G PRUUN  [BDIPSaW DIUOIYD)  “|e 1 JoN1SJOH
(%€) 86/€ =U
Jay10WpueRID
(%) 86/9 =u
(9nndope Jo |2
-1bojo1q) Jau1e4
(%) 86/1L =U
Y10 491504
(%2) 86/C=U
Jayrowdass
(%88) 86/98 =U
‘(>Andope 10 (%c2) 86/CC (L€Q) 109 (8y=u|0nuoD
|eibojoq)  =u ejewad (98/) (@s) siedh Ul ‘|G =u uonusA [6S] Z10¢
papinoid 10N papiroid 10N papiroid 10N JYION 86/9/ =U DN papiroid 10N obe abesany  -191U|) speAp 86 eljessny saligesig “[e 19 UOIUIH
uonednpj adey/AdIuyly ey 19pusn J9pusan ?zIs sisoubeiq
luaied uased /Awd1uyia piyd /X3S Judied /X3S PI'Yd aby juaied aby pjiy>  djdwes jejor uoneso’ PI'YD Jeap oyiny

Ad1uyig/eoey uedniliedq

19puan/xas yueddnied

saby Juedpiyed

(panunuod) L ajqey



Page 9 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(%6Y) L¥/0C

=U:9A0Qe pue
3bH3|j0d swog (oz=u
(©19) (©%S1) L¥/9 (969%) L¥/61 (ooL)ove (1065 |oauod Iz =u
Ly/lC =U:ss9] 10 =U 19410 (%58) =U3[eWeS (%¥S) {(@s) sieak Ul {(@s) sieak Ul UOIUSAISIUY) [99]610¢
|ooyds ybiH papinoid 10N L#/SE =U dde|g papiroid 10N 1¥7/2C =U DN obe ueapy obe ueapy ualpiud Ly S91R1S PaUUN eWIYISY “|e 12 UoAuDY
(%9°€9) (co)g6:0n
87/SL =U uIblo -uod (6'L) '8 (€L=u
DIPION (%9%) (%9%) 8T/€L “UONUSAIRIU|  |OUOD Gl =U
87/€ 1 =u uibno =u:Aog (9%t'¢S) {(@s) siedh ul UOIUAIIUY) [S9] 0zoc
papiroid 10N papiroid 10N DIPION-UON papiroid 10N 87/Sl =U: papiroid 10N obe ueapy uaIp|Iyd 87 uspams ANsaqQ  “|e 32 uossueyor
(90) 0 L/1
=U :umouun
(%2 1) 0TL/7L (09
=U 3y =U |013U0D ‘0€
(%88) 02 1/501 (9%€9) 0T 1/€9 1) €87l  =uIaL'0E=U
=U DJuedsiH =U 3]ewa (%/¥) (@s) siesk ul dnoub auoyd) [#9]
papiroid 10N papiroid 10N -UON ‘@1UM papIA0IdION Q7 L//S=Uu ey papiaoid 10N abe uBaYy  SIUIISS|OPE 07 | S91B1G PaUUN  Ssa19gelq | 9dAL 6107 “|e 13 Jaser
(%) ev/E=Uu
:93169p s 49158 W (dnoib
(959) €v/0C |013U0D 104
=U:93163p 5,0J2 papiAoid J0N) (£5°9) #87)
-4deq o =1epd (%S)Le/L=u 98'8¢ J0IU0D 8%'8 ]0IU0D
-0SSe (9%€€) €7/ L “Jay3ed (%56) (%€0) €7/01 (ers)oLog (censle
=u :A1epuodas 1z/0C =U = U:S9JeWaS UONUSAISIU] TORUIAIIU]  (Z¢ =U |0J3U0D
paysiulg (%t 1) ayiopy :dnoib (%//) €v/€€ :gs) sieak ul (@S) Siedk Ul ‘|7 =U UOIUIA 19pJosig winiy [€9] zz0T
€/9 =U :A1ewlid papiroid 10N papiroid 10N UONUSAJIU| =U:S9le|N obe uea|y obe uealy  -191U|) SpPeAP €1 uel| ->adg wispny “le1a Ijeuder
(%€°L1) T6/91
=uuaybly lo
92163p s,40]aydeq
L°€€) T6/1E=U
:969)|0D Jounf
(%€60) T6/LT (9¢) £87Ton
=Uu:j004s ybIH ~Uo) (7€) 98
(%961) (9%£9%) Co/€Y UONUSAISIU] (9 =U |011U0D
¢6/81 =Uj00Yds =UIHID (%E'ES) S 0E sleakul (@s) siedk Ul ‘9 =u uoRUBA [cal zzoe
ybiy Jspun papinoid 10N papiroid 10N papiroid 10N 26/6% =U fog obe uea|y obe uealy  -1a1u|) SpeAp z6 eUIYD  s130elq | 9dAL “1e 19 bueny
uonednpj adey/AdIuyly ey 19pusn J9pusan ?zIs sisoubeiq
luaied uased /Awd1uyia piyd /X3S Judied /X3S PI'Yd aby juaied aby pjiy>  djdwes jejor uoneso’ PI'YD Jeap oyiny

Ad1uyig/eoey uedniliedq

19puan/xas yueddnied

saby Juedpiyed

(panunuod) L ajqey



Page 10 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(9%01) 96/01 =u
:A1epu0335-150d
(%1°5€)

96/v€ =U:Ase
-puodas Jaddn
(9%0€) 96/6C =U
:A1IBPUODDS JOMOT
(%¥2)

96/€¢ = U JO0YdS
Alewlid :|e1o] uon
-edNpa |eulaley
(%9'81) £6/8L =U
:A1IBPUOD3S-1504
(%5€)

L6/v€ =u ke
-puodas Jaddn
(%£0) L6/9C =U
:A1epUOIS JOMOT]
(%961) L6/61

(#€) el on

=U :A1epu0das (9%£82) U0D (L) ¥EL (¢s=u
Arewiid (%1) £6/1 SlLi/ee=u UONUSAIRIU]  [0UOD ‘€9 =U Ausaqo pue
= U :91RJ3||| :uoh D1ewad (%E°1/) :(@S) sieak ul UOIIUSAIDIUY) (euryD) Aljigesiag [69]
-ednp3 [euidleq papiroid 10N papiaoid 10N papodalioN  GlLLl/zg=uel  papiroid 10N abe ueay saljlwe) gl | Buoy buoH |en1o9|PI| /10T “[P 19 997
(%19) L¥/SC
=u:9b39||0)<
(%6€) L¥/91 =u
Jlooyds ybiH > (18G) (€9'1) 6L =u|onuo)
:SJay1e € :SIayled 6/6 JOIIUOD ‘ez =uuon
(%SY) tv/6l =u (9%05) ‘¥9) 8L°0v (6¥'1) 046  -UsAIS1UY) (S1US
2963100 < (%29) ¥8/7y = U Bjely (%EY)  SIBYIOW (AS) TUonuoAlolu]  -led yiog pue
Cy/TC=U:|o0yds (909) ¥8/7¥ /81 @lewoS sieak ul 1o} {(@s) sreak ut usIpIyd) (89]
UbIH > 'sisy10W papinoid 10N papinoid 10N =U3eWRq  (%/S) Th/¥T BN abe ueapy abe ueapy speu 7y £3J0Y Yinos AIs9qO 910 " 38 Wiy
(%S) Ov/c=u
:s1eak -0t
(%S) Ov/C=u
's1eak 6E-G¢
(960¥) 9%0¥) 0¥/91 =u
0r/91 4aybiy pue 's1edh ye-0¢
10jaYdeg (%5€)
(%S¥) 0¥/81 ov/vl =u (oz=u
=uewodig 'S1eak 67-57 |0lU0D ‘07 =U
(%S1) O/ =u (9%001) 0%/0% (%S1) 0v/9=u UOUSAISIUI) suonezijey [£9] zzot
ewodip Jspun papiroid 10N papiroid 10N =Uu3jewa papiaoid 10N 'S1eA ,7-07 papiroid 10N siualed oy uel|  -1dsoy duieipag “1e 19 Jesyeyy
uonednpy adey/AdIuyiy ey 19pusn J9puan azIs sisoubeiq
juaied waied /Awduyia piyd /X3S Juaied /X3S PIIYD aby juaied 9by piiy>  9dwes jejoL uoneso’ PIIYD Jes) loyiny

Apiuyrg/adey yueddinied 19puan/xas yueddiied

saby Juedpiyed

(PanupUOd) | 3jqey



Page 11 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(og =u
|0JU0D) |7 =U
UOIIUSAIDIUY) a5e3s1( [9Mog v/l 210z
papiroid 10N papinoid 10N papiroid 10N papiroid 10N papinoidioN  papiroid 10N papiroid 10N uaIp|Iyd |1 $31e1S PaNUN Aloyeuduwleyu| “1e 19 YO|IN
(€19)
71 @NOID
[O1IUGD (00°9)
70 0¥ ‘dnoIb (€Tl
0t'S | Jonuoy UONUSAISIU| Otz | onuo)y
(££'1)0€'5L TOR sbuidnoub Aq Clqa)<33
EEDVEINN(E) papiroid Ajuo TonUsAISIU] (0] =U |01u0D
uonesnps jo (9%001) 02/0C (%001) (@s) s1edh ul (@s) siedhup ‘gL =u uopusA SWoIp [e/1810C
sIeak uea|y papiaoid 10N papiaoid 10N =U :2)ewa 02/07 =U 9.\ abe ueay obe ueayy  -I31uj) SpPeAp 07 $91e1S PaUUN -UAS X 9|Ibel4  “|e 19 awnaoW
(%80) 09
€01/6¢ =u:3b3| CCeEToNuoy  (9€) L9 Ton
-10D (%+9) €01/99 (%0€) €0L/LE (#S)zeee  “UOD(L€) 8FS lg=u
=u:jooyds ybiH =u:3r\ TUONUIAIU] TONUSAISIU]  [01UOD) 7S =U
(%82) €0l/8=U (9%0/) €0L/CL {(@s) siedk ul {(@s) siedh ul UOUSAIRIUI) [c/]
;jooyds Arewllld papiroid 10N papiaoid 10N =U 9jewa papiroid 10N obe uea|y obe ueapy speAp €01 eulyd 190Ued) 707 “|e 19 ong
(9%87°0)
8ly/c=u
‘07 10 O < (%5)
(%60 8L/l 8ly/lc=u
13ybiy 10 sa169p 07-9¢ (%8'L7)
5ojsydeq 8ly/9LL =u
(%890) 81¥/CL1 SE-LE (%6'£9)
=uewoldig 8ly/cye =u
(%€9¢) 811/2S1 ‘0£-9¢ (%6°8)
=u:jooyds ybIH (909) 81¥/60C %t€L) 8ly/LE=U (60T
(%/1) 8LY/TE =URBN 8l¥//0€ =U 9N ‘GC 0 GC> s1esk 697 =U18|)ea ‘60T
=U:ooyds (909) 81¥/60C  (%990) 8Ly/L1LL sobueiul -0g'Z Jo sbuel =U1eYDIM) A1abins (1]
ybiy Jopun papiaoid 10N papiroid 10N =U 9w =udewa{ papiroid aby abe ueapy speAp gl eUIYD  AydeydolussH 810z “[e19 NI
(%¥81) 86/8L =U L=u
:92169p 9b63|j0D) elep BuIssIy (%5°71L)
(9%£9€) 86/9¢€ =U (99) 86/9 =u ¥¢/e =U 3t
:969)|03 8W0S B0 (%9'£7) (58) ¥T/1T
(96L€€) 86/€€ =U 86//C =U =U Bjews dy (Sc=u
;ooyds ybly paze  @UYM (%F61) %009 (%%CZ1) (s1eak (sleaf  |onuod ‘gz =u JuaWuedaq
-Npeio (%c'L 1) 86/61 =U 86/ =U3eN Sle-GcHol  G-S'L=9buey) ddy yg=uddy Aousbiauig
86/LL =u:jooyds djuedsiH (%9t) (%8'£8) 86/98 8z 'sleak ul 0’7 s1esk ul yoog ‘vz =u olieiped [0£] 0zoT
ybiy ueyir ssa  86/Sy =U 3elg papiroid 10N =U3jewa papiaoid 10N obe ueipay obe ueipay  oog) speAp 86 $31e1S palUN /SSaul|| 21NdY “|e 12 A9|dan
uonednpj adey/AdIuyly ey 19pusn J9pusan azIs sisoubeiq
jualed ated /Awd1uyyg piyd /X3S Judied /X3S pPIIYdD by juaied aby pjiyy  9jdwes jeyop uonedoq PIYD 1eaj Joyiny

Ad1uyig/eoey uedniliedq

19puan/xas yueddnied

saby Juedpiyed

(panunuod) L ajqey



Page 12 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(%¥'6) Ce/e
=u:jeelninu
/19430 (%8'89)

TE/TT =UBUYM

/ueiseonen)
(%9S1) Te/S =U
:UedLyY IO ¥oe|g

(%€'18) C€/9¢C

(%£°9) ¢€/C
=U:SIeak 9
(%9°G1) 2€/S
=U:SIedA G
(%STL) 2e/v @L=u
=UuSieak{  |OUOD ‘9| =U

Ad1uyig/eoey uedniliedq

19puan/xas yueddnied

saby Juedpiyed

©17€) =U3JeIN (%8'81) (%9'69) €/l UonuaAIU|) apIosiq wniy lL21610C
papiroid 10N paplnoid 10N 7€/ =Uuelsy paplnoId 10N 7E/9=U:dePwo4  paplroid 10N =U:SIedA ¢ uaIp|Iyd € $91R1G PaUUN ->adg wispny “1e 12 Yoz
(%12) 0£/51
=Uu :Jojaydeq pue
ewoldid (%€t)
0,/0€ =u )
;jooyds ybiH | '7€ ;JoIIuo)
(%69€) (g€)cLee (se=u
0//57 =Uu:uon TUONUSAISIU| |0JJU0D ‘'SE =U ualp
-ednpa Aiepuo (9%001) 0£/0L {(@s) siesk ul UOIUSAISIUY) -|Iys paplelal [9/1810C
235 pue Alewlld papiaoid JoN papiaoid 10N =U:9]ewa papircid 10N abe ueapy papircid 10N syuaied o/ uel| Ajleluapy  “e 19 Iwiybow
(g =u:Aluo
S1UDS|OpPE 10}
uopedydde
Asdajdy g =u
:uojedIuNW
-wod snid
uopnedidde jus
-led pue U959
-opy G =U:Auo
uoned|dde
1U3DS3|0PY §
=uuoneniunw
-wod snid 1xa1
1ualed pue
1U3DS3|0PY G
=U:AJUO 1%}
(VAT 1U9259|0pY)
(%c6) ST/€T (%8Y) (@s) sieak ur - syuated g pue [S/]
papiroid 10N papinoid 10N =Uu uejsedned) pauodalloN  Gz/cL =usewa4  papiroid 10N obe uealy  SIUDSS|OpPE G $31R1S PaNUN Asda|id3 910z “|e 13 IPOW
uonednpj adey/AdIuyly ey 19pusn J9pusan azIs sisoubeiq
juaied waied /Ad1uYyIa pliyd /X3S Juaied /X3S PIIYD aby juaied 9by piiy>  9jdwes jejo uonesoT PIIYD Jes) loyiny

(panunuod) L ajqey



Page 13 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

Ad1uyig/eoey uedniliedq

19puan/xas yueddnied

saby Juedpiyed

(co=u
ly) €CL/LS (L= (D jouod‘19=u USIA
=U :3|ewa (%65) 9556) SIeSA Ul UOIIUSAIDIUY) wooy Aouab [¢8] 1202
papiroid 10N papiroid 10N papiroid 10N papinold 10N €71/7/ =uRelNy  papiacid 1oN abe ueapy speAp €71 S91PIS PaNUN  -JdW DLIeIPad HEREYSIEWIES
(%CTD)
L¢9/8eL =u
;umouun
(SE)gel  /19Y0 (%Tl) (%91 1) (8'8) £'9¢ ]on (§'6) g ol
Jonuo) (9¢) 9¢l 1¢9/LL l¢o/eL=u Q6vi) L79/9/T  ~U0D (9'8) 0'LE -uo) (6'9) €8 (llg=u
‘TonuaAIaIU] (QS) =u3pelg DB (%1+°89) =U:3jewsa TUORUIAIU] TONUSAISIU|  [0JJU0D ‘0LE =U
pais|dwod speib  (%579)179/88¢ L29/6vS (9%9'SG)LT9/SPE {(@s) siesh ul {(@s) siedh ul UOIIUAIIUY) [18] 0C0T
159yDb1y abelany =UDUYM papiroid 10N =U9jewa =ur\ obe uea|y obe uea|y SpeAp 179 $91B1S PaUUN J90UuUed) “le 312 sddiyd
uoneloylad
(cz=u suelquiaw
|0J1U0D ‘0€ =U SluedwAy
uaIp|iys UOIUSAISIUY) Jioiys Jo [08] ¥10C
papiaoid 10N papiaoid 10N [euiblioge ||y papiroid 10N papinoidioN  papiacid 10N papiaoid 10N uaIpiyd €5 ellesISNY 91NdY “1e 32 sdijjiyd
(59) 05/¢
= U :umouyun
(%5°05) 05/5¢ (%8)
=u:pa1d[dwod  0S/F =U UaYl0 (%0) (%9) 06/€ =u
969)j0D (%v1) 05/L  0S/L=UUsylO UMOUNUN (%8)
%¥) =UDIUedSIH  (%C2) 0S/LL =U 0§/ =U 3N (%C¥) 05/1¢C (£6) S8  (9¢=u|onuod
0s/c¢ =u39|d (9%8£) 05/6€  DiuedsiH (99/) (9%98) 06/€  =U 3[eW=4 (%8S) (@s) sieak Ul "pg =u uonuaA sanixa|d (6/]
-wodul 9b3)j0D =URUYM  0G/8E =U BUYM =U 3]PWa 0S/67 =U:R)  papircid 10N abe ueapy  -I31U)) SPeAP 05 S91RIG PRUUN  -WOD) [BIIPAW  LZ0T “[e 39 AO)N
(%8'1€) 0CT/0/
=u :1enpelb
-150d Jo 92169
(%t7°9) 0TT/71
=U:dNH 40 DNH
(%C€2) 0TT/1S
=u usleAINba JOo (%891)
[9AS] PaOUBADY 0ce/Le=u (%€€)€0T/£9 (oL =u
(%£°8€) 0CT/S8 Bl (%C€8) =Uu:9eiN (59) S'9¢ (7€) 1’9 |0uoD ‘00l =u
=u u3leAINba Jo 0Cz/€81 (%/9) €02/95 1 (@s) sieak ul (@s) sieak ul UOIIUIAIDIUY) SiyMy d1yredo [8/] 220t
3509 =/> papiroid 10N papiroid 10N =U 3JewaA =U:3ewa4 obe ueapy obe ueapy Sal|lwe) €0 $31R1S PaNUN -Ip| 3IUSANF "B 19 uebl Ny
uonednpj adey/AdIuyly ey 19pusn J9pusan azIs sisoubeiq
juaied uased /Awd1uyia piyd /X3S Judied /X3S PI'Yd aby juaied aby pjiy>  djdwes jejor uoneso’ PI'YD Jeap oyiny

(panunuod) L ajqey



Page 14 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

%L 1)
LlC/ce=ue
-npe.) ab9||0D
T €s) LLT/CL
=U :22109p a1

-1D0sse/269]|02 (%5'66)
QUIOS (% 6€) LLg/ole=u (%5'66) (%84)
£17/S8 =U opeiD uedlswy  /1g/9lg =uued [T/ =U (%19) (lLL=u
UYIZLI0QID  UedY (965°0)  -HOWY UBDLYY BRI (%CT6)  LLT/TEL =UReI (€799 [0Au0d /0L =U
6Tl) £127/8C Llg/L=u (%S0) LLT/L £1¢/00C (%C6s) £1T7/S8 (56) 8€E {(@s) siesh ul UOIUSAIRIUY) [£8] L0t
=u:||-| 9prID JluedsiH =u djuedsiy =U :3)eWaS =u:drWaS (QS) abe uesyy obe ueapy speAp /17 $91PIS PatUN PWIYISY “|e 19 yoea|
(%61) (log =u
(%€ 61) LCL/€SE =U B’ (L) vge (0€) 08 |01U0D'09¢ =U
1C//95€ =U e (%15) 1TL/89¢  (QS) sieak ul 1(@s) stesk u uonuaAaIUl) [98] 10T
-npeib ab9|j0d > papiroid 10N papiroid 10N papiroid 10N =U 3jeula obe uea|y obe uea|y Speip |7/ $91E1S PaUUN AUS200 "€ 19 Seisne|
(%€7)
L/91/8e=U
Pbe BUISSIN -+ (%€'1) ££91/1C
(%ct'0) £491/L (%CY) £/91/0/ =u:sieak
= U :uoneullojul =U:SIeak 09 (%1°68)
BuissI (9%t€) 0r < (%£°€/) L191/56¥1
L/L9L/1LS=U L/91/9¢€CL =U =usieak
:2A0Qe pue Ale :S1edk Ob-07 65—21 (9%96)
-pu033S (%+°59) (%€5) (9%07) L/91/191 =U
£/91/9601 =U £/91/068 =U (9€5) ££91/068 LL91/€€€ siedh g > (8 =u
Kleudid (9%6°7) BN (%8 16) =U e\ =U:SIeak SYIUOW Ul |011U0D) ‘878 =U
£/91/6 :uon LL91/68SL  (%6'9) LL9L/L8L 0¢ 031 [enba pspinoid  uopuLAIRIU) [s8] £10C
-eJNPa |ewlioj oON papiroid JoN papiroid 10N =U 9w =U 3eula /UeY} SS9 sabues aby speAp //91 eAuUDY| elLeeN “|e 13 eunsie|
(%561)
L¥7/8 = U uelsy
YINos (%t'7) (€8) L'ty @L=u
L/l =u :]onuo) (€01) (£S)TOL:  onuod 'yl =u
‘ueaqqued-ouy (%97) /'TF:dnolb [OIUG) (§6) L'6  UOHUSAISIUI)
(682) L¥/Te l/61 =U 3eW (%0/) 0§/l UONUSAISIU]  UORUSAIRII]  (siualed | pue
=u:ueadoing (%¥9) Lv/TT =U 3B (%0¢) (@s) sieak ul 1(@s) sieak ul us1p[IY2 0f) wop osessid P8l v10¢C
papiaoid 10N -UYM papiaoid 10N =UQeWa{  (QF/6=U:3rWS abe ueapy abe ueapy saljiwel g -bury panun - Asupry dluoIyD  “|e 12 MOj[emS
(8€-¢0)
1 :013U0D
(CT-€0 60
(%Eh) 05/€ L :UopUSAIBIU| (91 =U [01U0D
=U 3N (%.9) (9buel) SIeA Ul p| =U UOPUDA s [eg]l 8107
papiaoid 10N papiaoid 10N papiaoid 10N paplnoid 0N 0€//1L =Udewa4  paplroid 10N obe abesany  -191u|) SPeAP OE S911G PaUUN  -eula didoly “1e 313 Jabulg
uonednpy adey/AdIuyyy ey 19pusn JETJIET) azis sisoubeiq
juaied waied /Apuyia ppyd /X3S Judied /X3S PIIYD aby juaied aby piiy>  djdwes jejoL uoneso PIIYd Jes) loyiny

Ad1uyaz/edey yueddnied

19puan/xas Juediied

saby juedidiied

(PanupuOd) | 3jqey



Page 15 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(%881) 8v/6 =U (yg=u
49410 (%C'18) (6'L) 8v/€T (€1)L¥L  |oRuod vy =u
81/6¢ Diuedsiy =u:3_W (1Z9) {(@s) sieak Ui UOIUSAISIUY) [Lel gLoc
papiroid 10N papiaoid 10N -UON ‘@1UM papinoid JON  8f/ST=U:drwWa4  papiroid 10N abe uBAY  SIUIDSI|OPE 8f S91B1G PaNUN  sa1aqelq | 9dAL “|e1a bueyz
(%S°L1) 19/ (0
=u:963]j0D =/< £9¢10Iu0> €nes
(9665) 19/9¢ () gGEUON JONUOD (€1) TS
=u:363||0D (%S°02) 19/5t EVEISEIN] TUONUIAIRI|  (p€ =U [013U0D S9IWO01D||ISUOY
(%0€) 19/81 =U (%001) L9/19  =URBWN (%567)  (as) sieak ul (@s) sieahur "7z =u uonuan Buiobiopun [06]
;jooyds ybiH =/> papiaoid 10N papiroid 10N =U:9eWa |9/8| =U:9rWaS obe ueay abe uealy  -131U|) SpPeAp |9 230y ualpilyD 910 “e 12 buej
(%61) SL/L€=U
:19yb1y 1o 22169p
a1enpelbiapun
(%€0) G/LL=u
:91eDY143d eI
-y91/9pell (%€ 1)
G//0L =u:uon
-9|dwod jooyos
A1epu023sS (%¢€1)
G//0L =U:jooyds
Klepuodas
919|dwod 10U
pi@ ‘uonesnpy
[eUIS1ed (%95)
S//cy=u
:19yb1y 1o 22169p
a1enpelbiapun (85°6) G€'9¢
(9%91) GZ/TL =u 1|0U0D (€5°G)
:91eDY143D eI 90'¥€ :Uon
-ya1/9pell (%€ 1) -UsAJS1ul :(QS)
SL/OL=UUON  (%EEL) SL/SS sieah U Sbe
-9|dWwod |ooYds  =u (ueisesned “UesW [euIareq
A1epuodas (91 1) %) AIDIUGTS (L09) seee (17'8)
G//8 =U:|ooyds [eulored OAUOD (E9F)  STOY JOIIUOD)
Alepuodss  (%€'€/) S£/5S 68°0€ ‘uoi (05°8) 9c'6¢ (9c=u
919|dwod 10U =u (Ueisedned) -UsAJa1ul :(3s) {UONUSAISIU]  |04U0D) ‘6E =U
piq :Uoneonpy %) AIDIUUT sieak Ul sbe  (Qs) syruow uj UOIUSAIDIUY) Jopiosigwiniy - [68] £10Z e 1@
[ESEER] [ESEER papiaoid 10N papiroid 10N papiroid 10N  UBSW [eUIoIe)\ obe ueapy Sal|lwe} G/ ellesISNY ->adg wispny 9SNOYSUYAA
(oz=u
(%69) 6€/4C (l¥'0) 956  |onuod ‘6L =U 19p1osia A
=Uu:3eIN (%L€) (@s) siesk ul UOIIUSAIIUY) -ADRISdAH/AD [88]810T
papiaoid JoN papiaoid 10N papiaoid 10N papinoid 0N 6E/7L =U:derwWa4  papiroid 10N abe ueapy uaIp|Iyd 6€ |9BJS| - UORUY "B 1D UBWISIIAN
uonednpy adey/AdIuyyy ey 19pusn JETJIET) azis sisoubeiq
ludied waied /Apuyia ppyd /X3S Judied /X3S PIIYD aby juaied aby piiy>  djdwes jejoL uonesoT PI'YD Jes) loyiny

Ad1uyaz/edey yueddnied

19puan/xas Juediied

saby juedidiied

(panupuOd) | 3jqey



Page 16 of 45

(2025) 25:372

Kilfoy et al. BMIC Pediatrics

(CY)
G9/G =U SIeak
0% 10 O <
(9%910)
G9/91L =u
:S1eA Op—9¢
(%¥'S€)
(%020) S9/¢€L G9/eCc=u
=u:aybiy o s1eaA GE— | €
92.b3ap Jojayoeg (%7°67)
(%.€) S9/vC =u G9/61 =Uu
:9b3|j0d Jounf :SIek 0§-97
(%t7'5€) S9/€C (%80l) (€4) 9l =]oRn
=Uu:|ooyds ybIH §9// =u:sieak  =UOD (¥'8) 08l
(%'S1) GzloGz>  =UORUSAIBIU]  (0€ =U |0U0D
59/01 =U:jooyds sabuel ul (@S) sAep Ul ‘GE =U UOIUIA 2583517 14e3H [¥6] a0t
ybiy sopun papiroid JoN papiroid 10N papiroid 10N papinoid 10N paplaoid aby abe ueayy  -I131U)) SpPeAp 59 eUIYD [enusbuod) “le1a bueyz
(%61 L) ¥8/01
=u:aybly o
92163p sJ0jaydeq
(%C€) ¥8/LT =U
:29b3)j00 Jounp
(%S 0) ¥8/7€ (91)L8C7oR (€€)9oe=T101
=u:jooyds ybiH -U0D (¢'6) §°8C  -UOD(L€) £€=
(%5°S1) (9%99) ¥8/L% “UonuaAIoU] UONUSAISIU] (¢t =U [ouoD
¥8/€1 =U|JO0Yds =u shog (%tv) (@s) sieak Ul :@s) syuow ul - ‘¢ =U UORUSA oseasi 1esH [e6] eTCOC
ybiy sopun papiaoid 10N papiroid 10N papiroid 10N $8//€ =U S|ID abe ueay abe ueay  -131U)) SPeAP #8 eUIYD [eyusbuod) “le1a bueyz
(%61)
¥8/91 4aybiy 1o
92163p sJ0jaydeq
91°CE) ¥8/LT=U
:9b3||0d Jounf (1)
(%1€) ¥8/9¢C 8'8¢ :|ouo) ('v) 6% =1013
=U:|ooydsybiH (59) L6C= -uo) (€9) Ly
(%6/1) UONUSAISIU]  =UONUSAIDIU| (7 =U |013U0D
$8/G 1 =U:Jo0yds (@) sleak Ul (@S) SYWOW Ul ‘7 =U UOIIUIA 958351 11eaH [z6] 1202
ybiy sopun papiaoid 10N papiaoid 10N papiroid 10N papircid 10N abe ueay abe ueayy  -131U|) SPeAP #8 eUIYD [eyusbuod) “le1a bueyz
uopeonpy adey/Adiuylg ey I9pusn 19pusan azis sisoubeiq
judied yuased /Awd1uyia ppyd /X3S Judied /X3S PI'YD aby juaied aby piiyd>  ddwes jejol uonesxoT PI'YD Jes) ‘loyiny

fp1uyiz/eoey yuedpnaed

1apuan/xas Jueddiied

saby Juedpiyied

(panunuod) | sjqel



Kilfoy et al. BMIC Pediatrics (2025) 25:372

Number of Studies

1 N

2013 2014 2015 2016 2017

Page 17 of 45

2018 2019 2020 2021 2022 2023

Year of Publication

Text messaging

B Previously developed app

B Novel application B Combination

Fig. 2 Number of studies and intervention type per year: This bar graph shows the number of studies (y-axis) published per year (x-axis). Each

bar is broken down and colour coded according to intervention type

Out of the 49 studies, 19 (39%) were pilot or feasibil-
ity randomized controlled trials (RCTs), while 30 (61%)
were full RCTs. The control groups used in these studies
included usual care or wait-list control (22 studies, 45%)
and active education interventions (27 studies, 55%).
Studies in which usual care or waitlist control was used
as a control group produced 27 statistically significant
results (of 57 outcomes measured; 47%); while studies
which used an active alternate intervention produced 23
of 55 (42%).

Sample sizes varied widely, ranging from 16 to 1,677
participants, with a mean of 155 and a standard devia-
tion of 266. The most frequently studied child health con-
dition was type 1 diabetes (8 studies, 16%), followed by
autism spectrum disorder (ASD) (5 studies, 10%), asthma
(5 studies, 10%), cancer (4 studies, 8%), obesity (4 stud-
ies, 8%), and heart disease (4 studies, 8%). Additionally,
six studies (12%) focused on acute conditions, including
post-operative management and recovery following hos-
pital stays.

Characteristics of parent-oriented interventions and their
development

Table 2 outlines the characteristics of the interventions,
the outcomes assessed, and the measurement tools
used. The main objectives of these interventions were as
follows:

+ Improving or managing child health: 34 out of 49
studies (69%)

+ Improving or managing parent health: 11 out of 49
studies (22%)

+ Improving or managing both child and parent health:
4 out of 49 studies (8%)

In terms of technology, 15 studies (31%) evaluated new
apps specifically designed for health management, while
18 studies (37%) utilized text messaging. Additionally,
13 studies (26%) employed existing apps like WhatsApp
or WeChat, and 3 studies (6%) used a combination of
methods. Participants engaged with the interventions at
different frequencies: daily (16 studies; 33%), weekly (10
studies; 20%), 2—3 times a week (7 studies; 14%), or as
needed (6 studies; 12%).

Twelve articles (24%) discussed a theoretical frame-
work or model that informed the content or structure of
the interventions. These included Bandura’s self-efficacy
theory (2 studies; 17%), psychological models of stress
and coping (1 study; 12%), and resilience-based frame-
works (1 study; 12%).

Nineteen studies (39%) reported that interventions
were co-designed with various stakeholders: parents
(4 studies; 21%), parents and their children (3 studies;
16%), healthcare professionals (2 studies; 11%), and
community members (2 studies; 11%). The most com-
mon co-design methods included establishing advisory
boards with patients, parents, or community partners
(4 studies; 21%), conducting focus groups with end-
users to develop content for prototypes (3 studies;
16%), usability testing of prototypes (2 studies; 11%),
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and conducting surveys to assess the needs of parents
and children (1 study; 5%).

Interventional target

Thirty studies (61%) aimed to enhance parents’clinical
skills and knowledge. Of these, 22 studies (45%) focused
on improving parents’abilities to manage their child’s
condition, while 8 studies (16%) targeted increasing
parents'understanding of the disease and its expected
clinical course.

Seventeen studies (35%) aimed to boost
parents’psychological skills, specifically in two areas:
self-efficacy for performing tasks related to their
child’s care (6 studies) and coping strategies for man-
aging the demands of caring for a child with a health
condition (11 studies).

Additionally, three studies (6%) sought to provide
social support to parents, but this support was sec-
ondary to the primary goals of improving clinical or
psychological skills. Notably, no interventions aimed
at reducing the overall caregiving burden, such as the
number of tasks or hours spent providing care [12].

Parent health outcomes

The parent health outcomes identified were exclusively
related to psychological health. No studies examin-
ing physical health, economic factors, or healthcare utili-
zation outcomes were identified (see Table 3).

Parent psychological health

Non-social psychological outcomes

Depression scores showed significant improvement in four
out of seven studies (57%) that assessed this outcome [57,
62, 72, 92], using a variety of validated tools. mHealth
interventions significantly reduced stress compared to the
control group in three out of six studies (50%) [57, 67, 76].
However, in one study (17%), the control group, which
received an in-person version of the intervention, reported
a significantly greater decrease in stress than the interven-
tion group [87]. Parent anxiety scores were measured in six
studies, and significant improvements related to the inter-
vention were observed in four of these studies (67%) [55,
62, 92, 94].

Resilience showed significant improvement in two out
of three studies (67%) that measured this construct [72,
76]. Quality of Life (QoL) was assessed in seven studies,
with significant improvements observed in three of these
studies (43%) [61, 62, 92].

Social psychological outcomes

The quality of a parent’s relationship with their family
or ill child was measured in three studies. Of these, two
studies (67%) reported significant improvements in the
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intervention group [59, 68]. These studies measured the
outcome using a subscale of the Parenting and Family
Adjustment Scale [133] and the child-parent relationship
scale [151].

Caregiving related psychological outcomes

Parents’ability to manage their child’s condition was
assessed six times across four studies, showing signifi-
cant improvement from baseline in two of the six meas-
urements (33%). Specifically, improvements were noted
in parentsconfidence in managing their child’s arthritis
[78] symptoms and their reported ability to manage their
child’s chronic kidney disease [84].

Seventeen studies examined parents’satisfaction with
the intervention, using various methods, including
qualitative interviews (2 studies), the Client Satisfaction
Questionnaire (3 studies) [131], and investigator-devel-
oped surveys (10 studies). All studies reported high sat-
isfaction with the mHealth intervention, except for one
study where only 37% of parents found the application
somewhat useful, compared to 70% who endorsed the
utility of the control treatment [70]. Additionally, one
study reported no difference in satisfaction between the
mHealth and control groups [77].

Child health outcomes

Child health outcomes included physical health related to
diabetes, cardiovascular issues, asthma, and neurodevel-
opmental disorders, as well as healthcare utilization, psy-
chological health, and disease management (see Table 4).

Child physical and neurodevelopmental health

Diabetes

Diabetes-related health was assessed in seven studies,
focusing on glycemic control as measured by Hemo-
globin A1C (HbA1 C) levels. Two studies (29%) reported
significant improvements in glycemic control in the
mHealth group [61, 62]. However, in one study (14%), the
significant improvement favored the control group [47].

Cardiovascular health

The most commonly assessed cardiovascular health out-
comes were body mass index (BMI), evaluated in four
studies, and weight, assessed in two studies. A significant
improvement in BM], favoring the use of mHealth interven-
tions, was observed in one out of the four studies (25%) [65].

Asthma

Asthma control was evaluated in three studies using
either spirometry or the Child Asthma Control Test
[186]. Significant improvement was observed in one of
the studies (33%) [52].
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Table 3 mHealth intervention impact on parental health outcomes
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Core Area Outcome Domain Result
Parent Psychological Health — non Depression 41]‘ 3 o
social Stress Mr2O 1Y
Anxiety M20O
Distress 111 O

Posttraumatic Stress

20

Mood 1‘[]‘ 20O
Resilience 1O
Empowerment 20O
Quality of Life 4O
Parent Psychological Health — social Relationships 2ﬂ‘ 1O

Parent Psychological Health —
caregiving related

Disease Management

244 O

Upwards arrows indicate significantly positive (p< 0.05) patient impact in the mHealth group, circles indicate no significant effect noted, downwards arrows indicate a

significantly negative (p< 0.05) patient impact in the mHealth group

Neurodevelopmental disorders
The neurodevelopmental disorders identified in the stud-
ies included autism spectrum disorder (ASD) (3 studies),
attention deficit hyperactivity disorder (ADHD) (1 study),
and multiple neurodevelopmental disorders (1 study).
Children’s behaviors associated with these disorders
were measured seven times across four studies, focusing
on behavioral and emotional problems [59], pro-social
behaviors [59, 63], and adaptive behaviors [89]. Of these
seven assessments, significant improvements from base-
line were observed in five (71%) instances [57, 59, 63].
The impact of mHealth interventions on the severity
of ASD [57] and ADHD [88] symptoms was evaluated
in one study each, with both studies reporting signifi-
cant positive improvements.

Healthcare resources

Healthcare resource usage was assessed in terms of
hospitalizations (4 studies) and emergency department
visits (5 studies). Among the studies that evaluated hos-
pitalizations, one study (25%) found that hospitaliza-
tions were significantly lower in the intervention group
[62]. In another study (25%), significantly fewer infants
in the control group were readmitted to the hospital
compared to those in the intervention group [50].

Child psychological

Self-management related psychological outcomes
Children’s ability or confidence in managing their
health conditions was assessed across 17 outcomes in 9
studies. These included management behaviors (7 out-
comes), self-efficacy (4 outcomes), self-management
(4 outcomes), and perceived burden of disease-related
problems (2 outcomes). Significant differences in self-
management activities and health knowledge favoring
the intervention group were noted in three instances
across two studies (19%) [61, 69].

Adherence to treatment was evaluated in 21 instances
across 14 studies, with significant improvements in the
intervention group observed in three studies (14%) [60,
71, 74]. In one additional study, no significant differ-
ence was found overall; however, an analysis of interven-
tion engagement revealed that participants who engaged
more with the intervention showed significant improve-
ments in medication adherence [91].

Non-social psychological outcomes

Pediatric quality of life (QoL) was assessed eleven times
across ten studies, focusing on either disease-specific
QoL or generic health-related QoL. Of these measure-
ments, significant improvements from baseline in the
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Table 4 mHealth Intervention impact on child health outcomes

Core Area Sub-Core
Area
Child Physical Health Diabetes
Cardiovascular
Asthma
Neurodevelopment
Child Health care
resource usage
Self-Management
Child Psychological Related
Health
Non-social

Outcome
Domain

HbAIC

Severe Hyper/Hypo-

glycemic episodes
BMI

Weight
Asthma Control
Behaviours

Severity of
Symptoms
Hospitalizations
ED visits
Behaviours
Self-efficacy

Self-management

Perceived burden
Adherence
Anxiety

Quality of Life

Patient Impact

1 4O 1Y
I 1O
It 3O
20O

11t 20O
s{r 20
i)

it 20O 3
O

ot sO
4O

it 30O
20O

M 18O
20O

2 9O
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Upwards arrows indicate significantly positive (p< 0.05) patient impact in the mHealth group, circles indicate no significant effect noted, downwards arrows indicate a

significantly negative (p< 0.05) patient impact in the mHealth group

intervention group were observed in two instances
(17%) [48, 69].

Outcome effects of mhealth intervention features
and design
Table 5 presents the outcome results based on the fea-
tures and design modalities of mHealth interventions.
In the 19 studies that reported co-designing interven-
tions, a total of 58 parent and child health outcomes
were assessed, with statistically significant improvements
observed in 20 outcomes (34%).

Among the 12 (24%) studies that employed a theory-
driven intervention, 37 health outcomes for children and

parents were measured, with 18 outcomes (49%) show-
ing significant improvements in the parent-oriented
mHealth group. In studies where participants were
required to engage with the intervention at-least daily,
18 out of 40 assessed outcomes (45%) showed significant
improvement. Similarly, in studies that required at least
weekly (and less frequently than daily) interaction with
the intervention, 19 out of 49 outcomes (39%) demon-
strated significant improvement.

Text messaging and novel mobile applications devel-
oped by the research teams for health management sig-
nificantly improved 30% (11 out of 37) of the assessed
outcomes across 18 studies, and 28% (10 out of 36) across
15 studies, respectively. In contrast, previously developed
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Table 5 Trends towards significant differences per mHealth intervention feature and design

Feature Number of
papers

Reported co-design of mHealth 19

intervention

Underpinned intervention design 12

with framework

Minimum interaction with 20

intervention daily ®

Minimum interaction with 18

intervention weekly ®

Interaction with intervention as 6

needed by participant

Text-messaging 18

Novel application developed for 15

health management

Previously developed application 13

adapted for health management

Page 37 of 45
Number of child Impact of mHealth
and parent health Intervention
outcomes
58 20ﬂ> 360 23
37 18ﬂ> 19o
40 B4220
49 Y2802 J
10 s 5O
37 1 lﬁ 24o 2{],
36 250
37 28ﬂ> 9o

A= participant interaction with intervention includes daily, twice a day, several times a day and four times a day.

B= participant interaction with intervention includes weekly, 2-3 times a week and 7 reminders over 30 days.

Upwards arrows indicate significantly positive (p< 0.05) patient impact in the mHealth group, circles indicate no significant effect noted, downwards arrows indicate a

significantly negative (p< 0.05) patient impact in the mHealth group

applications that were adapted for health management
showed significant improvements in 76% (28 out of 37) of
parent and child outcomes across 13 studies.

Risk of bias assessment

According to the Cochrane ROB2 tool, 26 studies (53%)
were assessed as having a high risk of bias, 16 studies
(33%) had some concerns, and 7 studies (14%) had low
concerns (see Fig. 3a). The bias domain with the highest
risk across the studies was deviations from the intended
interventions, affecting 16 out of 49 studies (33%). In
contrast, the domain with the lowest risk was the rand-
omization process, which was properly implemented in
41 out of 49 studies (84%) (see Fig. 3b).

Discussion

We synthesized the literature examining the effective-
ness of parent-oriented mHealth interventions on par-
ent and child health outcomes and identified key content
and design features that may have contributed to their
effectiveness. We identified 49 studies, most frequently
published in developed countries, including the United
States (26 studies), with more than half scoring high-risk
for bias. Overall, the identified interventions were found
to be highly acceptable to parents and improved parent

psychological health, with the largest impact observed
in non-social psychological outcomes including a 57%
improvement in depression, a 67% improvement in anxi-
ety, and a 67% improvement in resilience.

Early evidence also suggests the utility of these inter-
ventions in improving child health outcomes, particu-
larly regarding neurodevelopmental health outcomes,
in which measured outcomes showed a 71% significant
improvement. Interventions frequently connected with
participants used texting or novel applications daily or
weekly but were infrequently underpinned by theoretical
health behaviour frameworks or developed through end-
user co-designed. Evaluated interventions that involved
daily engagement (45% improvement) or weekly engage-
ment (39%), used co-design development techniques
(34%), were theory-driven (49%), and included mobile
applications (76% for previously established and 28% for
novel) demonstrated strong effectiveness in improving
both parent and child health outcomes.

Our finding that parent-oriented mHealth interventions
are more common and beneficial in the context of chronic
childhood conditions compared to acute ones may reflect
the prolonged and complex care required from parents
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Fig. 3 Risk of bias assessment. Individual bias assessment (a) and (b) overall summary for included randomized controlled trials assessed using

the Cochrane collaboration tool

in chronic situations [199]. Interventions applied in the
context of neurodevelopmental disorders, including ASD,
cardiovascular disease and cancer, had the largest impact
on both parent and child health outcomes. Parents of
children with these conditions often experience a signifi-
cant subjective burden, characterized by intense physi-
cal, emotional, social, and financial stress, which is linked
to the extensive hours and demanding care tasks these
conditions require [200-202]. It is important to further
explore whether these types of interventions increase the
burden on parents and families of children with chronic
conditions, as well as on the healthcare system, in terms
of cost and time. While previous reviews have shown that
these interventions are relatively low-cost [203], more
research is needed in pediatrics to assess their cost-effec-
tiveness compared to usual care. Additionally, further
work is required to determine if mHealth interventions
place additional strain and expectations on parents of
sick children and on healthcare providers who are already
overburdened [204, 205]. Interestingly, in some stud-
ies, control groups showed significantly better outcomes
than the intervention groups. This highlights the need for
careful adaptation of interventions when transitioning to

mobile-based formats, as well as the need to consider the
therapeutic benefit of integrating person-based care into
digital technology design [206].

Interventions aimed at enhancing caregiving capac-
ity and support may be particularly effective for these
parents [200-202]. However, demographics informa-
tion about the parents, aside from sex, was inconsist-
ently reported, making it challenging to determine who
would benefit most from these interventions. However,
most parents identified as females, specifically moth-
ers. The lack of engagement of fathers in parent-oriented
interventions has been previously noted and is linked to
beliefs about gender roles regarding caregiving, lack of
relevant interventions, and limited awareness of available
interventions [207].

Less than 20% of the identified interventions aimed to
enhance parental psychological skills, despite evidence
showing positive impacts on parental psychological
health, including a 67% improvement in reported anxi-
ety and a 57% improvement in depression. This lack of



Kilfoy et al. BMIC Pediatrics (2025) 25:372

focus on the well-being of parents has been noted previ-
ously and should be a key research direction in the field
[208-210]. Our review demonstrates that when mHealth
applications do consider parent psychological health in
their design, they positively impact both caregiver and
child outcomes. Such interventions align with the family-
centered care model integral to pediatrics and address an
expressed need among parent caregivers of children with
chronic conditions [200, 211].

Although some evaluated interventions resulted in sig-
nificant positive child health outcomes, this was not con-
sistent across all studies. Challenges related to collecting
health-related subjective ratings from younger children
may partly explain this discrepancy [212]. Many identi-
fied studies relied on parent proxy-reported outcomes,
which may not accurately reflect the child health status,
particularly concerning psychological health outcomes
[213]. Additionally, longer intervention periods may be
necessary to improve various child objective and func-
tional health outcomes such as HbA1C or blood pressure,
as well as to enhance parental caregiving self-efficacy,
and, consequently, child health [214].

Interventions that incorporate co-design methodolo-
gies in their development (34% improvement), are theory-
driven (49%), and include more frequent interaction with
users (45%) appear to be effective. Our findings suggest
that co-design practices appear useful for developing more
widely utilized digital interventions for parents [215, 216].
Although this approach has been inconsistently applied,
the importance of grounding intervention features and
function in behavioral change frameworks or models to
enhance impact has been previously demonstrated and is
reflected in our findings [217]. However, while we report
on whether or not studied interventions were based on a
theoretical framework, we cannot comment on the extent
to which interventions correctly applied the framework’s
tenets in their design. Due to the complex and multi-com-
ponent nature of mHealth interventions, comparisons
between those that include these elements and those that
do not are challenging [218]. Future research should focus
on identifying the features that are most effective in dif-
ferent patient settings and age group—a goal that could
be achieved through co-design efforts involving parents,
pediatric patients, and clinicians.

Questions remain around the methods for successfully
implementing parent—child mHealth interventions into
clinical practice. In particular, the lack of digital inclu-
sion—encompassing access to and the relevance of digital
technologies for individuals or groups—limits many pop-
ulations’ capacity to engage with and potentially benefit
from these care models [219]. Ensuring that digital health
interventions are designed equitably is critical to mini-
mizing the digital healthcare divide. Frameworks such as
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the eHealth Literacy Framework may inform the design
and implementation of digital interventions, improving
their applicability across target populations [220]. Par-
ticular considerations, including those related to literacy
and user experience norms, are essential when developing
interventions for pediatric patients and their parents. One
option to address this issue is to develop applications that
include specific profiles for both parent and child users.
Other concerns include how data from these interven-
tions can be effectively integrated into child electronic
health records, particularly when outcomes are parent-
proxy reported due to the child’s age or illness, or when
the data pertain to parental health status rather than
that of the child [208]. Additionally, given the family and
treatment related demands, engaging parents of children
with chronic conditions in consistent and longitudi-
nal use of interventions poses a barrier to implementa-
tion [221, 222]. Engagement strategies such, as gamifying
interventions and utilizing push notifications, have been
suggested to improve retention in mHealth studies [223].

Limitations

The studies identified in this review are not without limi-
tations. Several studies exhibited a high risk-of-bias due
to a lack of participant blinding. Although it is challeng-
ing to blind participants without an active control group,
future studies could blind outcome assessors and ana-
lysts. Additionally, most studies were published in high
income countries. Given the pressing need to increase
access to high quality child healthcare in lower income
countries, future research should focus on evaluating
mHealth interventions in these regions.

This review also has limitations. Due to the wide variety
of health conditions and types of interventions, a meta-anal-
ysis was not feasible. Furthermore, we only included RCTs,
so we cannot comment on the results of mHealth evalua-
tions using different study designs. In addition, to capture
the full extent of mHealth interventions in the literature, we
included pilot or feasibility studies that were not powered
for statistical significance. Finally, studies not published in
English were excluded, which may limit our understanding
of these interventions in other cultural contexts.

Conclusions

Overall, parent-oriented mHealth interventions appear to
improve parent psychological health and may positively
affect child health. Given these encouraging findings and
the widespread accessibility of mobile digital devices,
mHealth interventions could significantly enhance the
quality of family-centered pediatric healthcare. Interven-
tion functionalities and design features, such as co-design
and the use of health behaviour theoretical frameworks,
may be valuable in amplifying the impacts of developed
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mHealth applications. Further research is needed to elu-
cidate when and how to apply these technologies most
effectively within pediatric care. Taken together, parent-
oriented mHealth interventions represent a promising
tool for improving outcomes for both parents and their
children, facilitating family-centered care.
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